Purpose: We present extended follow-up findings of the Kingston prospective sizing program for patients with abdominal aortic aneurysm (AAA) smaller than 5.0 cm in diameter, with gender-specific analysis. Methods: From 1976 to 2001, 895 patients (688 men, 207 women) with AAA smaller than 5.0 cm were entered, regardless of fitness, in a prospective sizing program in which computed tomography scans were obtained every 6 months. Operations were performed in fit patients with an increase in AAA size to 5 cm (n ‫؍‬ 190), AAA expansion greater than 0.5 cm in 6 months (n ‫؍‬ 27), or for other reasons (n ‫؍‬ 33). Follow-up continued until AAA rupture, surgery, death, or removal from the program. Results: No AAA smaller than 5.0 cm ruptured during prospective follow-up. There was a statistically significant increase in expansion rate relative to size at entry, with the highest mean expansion rate of 0.52 cm/y for AAA 4.5 to 4.9 cm in diameter. There was no significant difference in AAA expansion rate between men and women. The frequency of surgery was inversely related to age at entry, but was positively related to AAA size at entry, with patients with AAA 4.5 to 4.9 cm at entry 6.8 times more likely (95% confidence interval, 4.3-10.7) to undergo surgery than those with AAA 3.0 to 3.4 cm at entry. Women were older than men at entry, and age at entry in those undergoing surgery was significantly greater in women. This report significantly extends the previously published data from the Kingston program of prospective surveillance of patients with abdominal aortic aneurysm (AAA) smaller than 5.0 cm in maximum diameter 1,2 with adequate numbers to enable analysis of results according to gender.
This report significantly extends the previously published data from the Kingston program of prospective surveillance of patients with abdominal aortic aneurysm (AAA) smaller than 5.0 cm in maximum diameter 1, 2 with adequate numbers to enable analysis of results according to gender.
METHODS
All patients with AAA smaller than 5 cm in diameter were entered into the prospective measurement program, regardless of their state of fitness. The threshold for inclusion in the study for both men and women was AAA diameter 3.0 cm. No assessment of operability was made initially or during the serial follow-up unless criteria for operation were met. The criteria for repair in those deemed fit included increase in AAA size to 5 cm, AAA expansion more than 0.5 cm in 6 months, aneurysm-related symptoms or signs (pain, peripheral emboli), and aortoiliac occlusion disease or iliac aneurysm requiring surgery. Fitness for surgery was determined by the operating surgeon in conjunction with appropriate consultants. Operative risk less than 5% was required for patients to undergo surgery to repair AAA at 5.0 cm; thus patients with high-risk cardiac disease, severe pulmonary insufficiency, renal failure, and other significant morbidity were not considered for surgery on AAA of this size.
All patients were enrolled between September 1976 and July 2000, and follow-up ended in November 2000. Follow-up consisted of ultrasound (1976) (1977) (1978) (1979) (1980) (1981) (1982) or computed tomography (CT) examinations every 6 months. At least two measurements were obtained in all patients before operation (n ϭ 250); removal from the program (n ϭ 105); death (n ϭ 109); or transfer to a high-risk surveillance program, with CT examinations twice yearly, if surgery was deferred at 5.0 cm (n ϭ 244). The high-risk surveillance program is described in detail elsewhere.
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Statistical analysis. Relative rate of surgery (at 95% confidence interval) was estimated according to AAA size at entry with the Cox regression model. Time to surgery was analyzed as a prospectively collected observation. Data for all patients removed from follow-up without surgery were treated as censored observations. While deriving relative rates from the model, we stratified age, decade, and sex, to avert the assumption of proportional hazard for these variables. Mean expansion rates were compared across initial size categories with the linear trend test. 4 Averages were compared with the t test, and proportions were compared with the 2 test. Comparison of expansion rates was done with the ratio at median, as described by Hosmer and Lemeshow.
RESULTS
Eight hundred ninety-five patients (688 men, 207 women) were entered in the program. Age at entry stratified according to size and gender is shown in Table I . Women were significantly older than men in each of the AAA size subgroups of 3.5 to 3.9 cm, 4.0 to 4.4 cm, and 4.5 to 4.9 cm.
A summary of data related to patient removal, death, fitness for surgery at AAA 5.0 cm, surgery, and continuing follow-up stratified according to AAA size and patient gender is shown in Table II .
One hundred five patients were removed because of refusal of follow-up (n ϭ 30), move from the region (n ϭ 25), small stable AAA in elderly patient (n ϭ 18; mean [ϮSE] age, 73 Ϯ 7.3 years; last AAA measured size, 3.3 Ϯ 0.3 cm; expansion rate, 0.07 Ϯ 0.07 cm/y), advanced age (n ϭ 14; mean [ϮSE] age, 84 Ϯ 3.7 years), terminal malignancy (n ϭ 12), development of large thoracic aneurysm (n ϭ 3), or other reason (n ϭ 3). Total follow-up in these 105 patients was 333 patient-years (mean, 3.2 years).
One hundred nine (12%) of 895 patients died during the study. None of these patients died of proved or suspected AAA rupture. The cause of death was cardiac (n ϭ 52), malignancy (n ϭ 26), pulmonary (n ϭ 11), stroke (n ϭ 8), renal (n ϭ 4), hepatic and gastrointestinal (n ϭ 3), and unknown (n ϭ 5). AAA diameter in the five patients with unknown cause of death was 3.0, 3.7, 3.8, 4.0, and 4.0 cm, respectively, and all five patients were older than 75 years and had significant cardiac disease. There was no clinical suspicion of death from AAA rupture in any of the five patients. Total follow-up in those who died was 627 patient-years (mean, 5.8 years).
The rate of repair increased progressively with AAA size at entry. Patients with AAA 4.5 to 4.9 cm were 6.8 times more likely to eventually undergo surgery than those with AAA 3.0 to 3.4 cm at entry (95% confidence interval, 4.3-10.7).
The result of combining both age and AAA size at entry is shown in Table III . More than half (52%) of patients younger than 70 years with AAA 4.5 to 4.9 cm underwent surgery, with mean follow-up of 2.2 years. Women tended to undergo surgery at an older age.
Surgery was performed in 70.9% of men and 47.1% of women younger than 70 years at entry. The difference between men and women was significant (P ϭ .0014, 2 test; P ϭ .0026, Fisher exact test).
Surgery was performed in 250 patients, with in-hospital death of eight patients (3.2%). Surgery was performed as a result of AAA expansion to 5.0 cm in 189 patients, expansion of more than 0.5 cm over 6 months in 27 patients, aneurysm pain or tenderness in 10 patients, and embolic event, aortoiliac occlusion, or iliac aneurysm in 24 patients. The rate of surgery was 24.6% in women (207) and 28.9% in men (688). An additional 65 repairs were performed in larger aneurysms in patients considered unfit for surgery at AAA 5.0 cm.
Total follow-up for the 895 patients was 3088 patientyears. Total follow-up in the 250 patients who underwent surgery was 594 patient-years (mean follow-up, 2.4 years). Total follow-up in patients deemed unfit for surgery at AAA 5.0 cm was 1097 patient-years (mean follow-up, 4.5 years).
Average AAA expansion rate (in centimeters per year) was related to size at entry, with 0.17 increase for each additional centimeter (P Ͻ .01, linear trend test). 4 Mean expansion rate (SE) increased from 0.28 Ϯ 0.03 cm/y in AAA 3.0 to 3.4 cm at entry to 0.52 Ϯ 0.04 in those 4.5 to 4.9 cm at entry (Table IV) . Because expansion rate was not normally distributed, median expansion rate was lower than the mean and also increased with size of AAA at entry (Table IV) . The difference in median expansion between AAA 3.0 to 3.4 cm and 4.5 to 4.9 cm was statistically significant (P Ͻ .05, as measured with the ratio at median). There was no significant difference in either mean or median expansion rate between female and male patients.
CONCLUSIONS
The Kingston prospective AAA size surveillance program with 895 patients is one of only three large prospective studies of AAA, the other two being the United Kingdom Small Aneurysm Trial (UKSAT) 6 and the Aneurysm Detection and Management Veterans Affairs Cooperative Study (ADAM). 7 Our study differs from the other two in that there is no randomized trial of treatment versus surveillance. Second, all patients were included, whether fit or unfit for surgery. Unlike the ADAM study, a substantial proportion of women were included. Patients of all ages were included. Our series mirrors what would occur in a clinical practice of surveillance in which almost all AAA are observed.
This series of 895 patients with 3088 patient-years of follow-up without AAA rupture makes a strong argument regarding safety of surveillance programs in both male and female patients with AAA smaller than 5.0 cm.
Nevertheless, AAA do expand. The updated expansion rates are less than reported in our smaller series in 1996, 2 but still are substantial for AAA 4.5 to 4.9 cm with mean expansion of 0.52 cm/y and median expansion of 0.38 cm/y.
Because of this inevitable expansion many patients, especially younger patients, with large AAA eventually un- dergo surgery. In our study of all patients, including those unfit for surgery, fully 73% (86 patients) of those younger than 70 years with AAA 4.5 to 4.9 cm at entry eventually underwent surgery, with mean follow-up of 2.0 years (45 at 5.0 cm in this study, and another 18 with larger AAA in our higher risk follow-up 3 ). The high rate of surgery in this upper subgroup and the high and increasing crossover rate in the UKSAT and ADAM studies suggest that surgery may be appropriate for fit patients with AAA 5.0 cm in diameter.
We have noted a difference between men and women. Age at entry was older for women in each aneurysm size group, and this is significant for the 3.5 to 3.9 cm, 4.0 to 4.4 cm, and 4.5 to 4.9 cm groups. This is reflected in an older group of women undergoing surgery compared with men. We suggest that this is because AAA in women are relatively smaller, and aneurysm of any size (which expands over time) will take several years longer to reach comparable size of aneurysm in a man. This concept, along with enhanced risk for rupture of AAA larger than 5.0 cm in women, 3, 8 suggests that AAA in women should be treated differently from those in men.
In summary, surveillance of AAA smaller than 5.0 cm is safe, with virtually no risk for rupture. Because of significant risk for rupture reported in AAA slightly larger, at 5.5 cm, 8 surgery may be justified in patients with AAA 5.0 cm who are younger than 70 years and fit for surgery. Patients may opt for elective repair if they prefer definitive treatment to the sometimes anxious situation of continued surveillance.
